(19) 




(12) 



EiMOpHsches Patentamt 
Eurepean Patent Office 
Offlbeaurbpem " (11) ' 

EUROPEAN PATENT APPLICATION 



in 

BPMS79935A2 



(43) Date of publication: 

2&11.199B Bulletin 1998m 

(21) Application number: 97307807.4 

(22) Date of filing: 02.10.1997 



(51) lntCl«: E21B 43/26, E21B 43/04. 

E21B 43/267, E21B 43/02 



(84) Designated Contracting States: 

ATBECHDEDKESHFRGBGRiEirULUMC 
NLPTSE 

Designated Extension States: 
ALLTLVROSI 

(30) Priority: ia05.1997 US 858312 

(71) Applicant: 

Halliburton Energy Services^ Inc. 
Duncan, Oklahoma 73536 (US) 

(72) Inventors: 

• Weaver, Jim D. 

Duncan, Oklahoma 73533 (US) 

• Nguyen, Philip a 

Duncan, Oklahoma 73533 (US) 



• StanlMI, James R. 
Duncan, Oklahoma 73533 (US) 

• BoMTles, Bobhy K. 
Comanche, Oklahoma 73529 (US) 

• Wilson, Steven F. 

Duncan, Oklahoma 73533 (US) 

• Parker, Mark A. 

Duncan, Oklahoma 73533 (US) 

• Dewprashad, Brahmadeo 
Lawton, Oklahoma 73501 (US) 

(74) Representative: 

W^ln, Christopher Paul et al 
A. A. THORNTON & CO. 
Northumberland House 
303-308 High Holbom 
London WC1 V 7LE (GB) 



(54) IMethod of controlling fine particulate flowbadc In subterranean wells 



(57) A weflbore penetrating a subterranean forma- 
tion is treated with afkiid whereby fine particulate flow- 
back is reduced or prevented. The method includes the 
steps of providing a flukl eusperiston including a mixture 
of a particulate coated with a tackifying conpound. 
pumping the suspenek>n into a subterranean formation 
and depositing the mixture within the formatton whereby 
the taddfying compound retards movement of at least a 
portion of any f he particulate within the formation upon 
flow of fluids from the subterranean formation through 
the wellbore. Alternatively, the tackifying compound may 
be introduced im a subtenanean.formatkm In a dHuent 
containing solutk>n to deposit upon previously intro- 
duced partxuilates to retard movement of such particu- 
lates and any fines subject to flow with productton of 
fluids from the subten-anean formation. 
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Description 

This invention relates to a method of treating a sifatenranean fbnnation containing fines to control migration thereof. 

Trar^port of particulate solids during ttie production of hydrocarbons from a subterranean formation is a continuing 
5 problem. The transported solids can erode or cause significant wear in the hydrocaitxMi production equipment used in 
the recovery procesa The solids also can dog or plug the welbore thereby limiting or completely stopping fluid produo> 
tion. Further, the transported particuiates must l>e separated from tfie recovered hydrocaibons adding further expense 
to the processing. 

The particulates which are available for transport may be present due to the nature of a subtenane&n formation 

10 and/or as a result of well stinnjlation treatments wherein proppant is introduced into a subterranean formation. 

In the treatment of subterranean fomiations, it is common to place particulate materials as a filter medium and/or 
a proppant in the near welbore area and in fractures extending outwardly from the welbore. In fracturing operations, 
proppant is carried into fractures created when hydrauSc pressure Is applied to these subterranean rock formations to 
a point where fractures are developed. Proppant suspended In a viscosified fracturing fluid » carried outwardly awiy 

IB from the welbore within the fractures as they are created and extended with continued pumping. Upon release of pump- 
ing pressure, the proppant materials remain in the fractures hokfing the separated rock faces in an open positton form- 
ing a channel for ftow of forrnation fluids back to the wellbore. 

Introductton of the proppant materials into the fracturing fluid often results in the crushing of some portion of the 
proppant material as it passes through the pumping and mixing equipment to enter the subterranean fbnnatton. This 

20 fine crushed material may have a partide size ranging from slightly betow the size of the original proppant material to 
less than 600 mesh on the U.S. Sieve Series. Also, when the formation closes at the conclusion of the treatment some 
crushing of the proppant material may occur produdng additional fines. Even when proppant crushing does not occur, 
the sutrterranean formation way itself rdease fines from the taoe of the created fractures as a result of spelling, scour- 
ing of the formation wall which causes fbrmation particulate to be mixed with the proppant and the like. These fine for- 

2$ mation materials also may range from formation grain size to less than 600 mesh. The fines may comprise sand, shale 
or hydrocarbons such as coal fines from coal degasificatlon operations and the like. When the wellbore subsequently 
is produced, the fines tend to move into the proppant pack in the f radure tending to reduce the penneability of the pack. 
The fines also can f bw with any production from the wellbore to the surface. 

This undesirable result causes iffidue wear on production ec^ipment and the need for separatbn of solids from the 

30 produced hydrocarbons. Fines f lowback often may be aggravated by what is described as "aggressive*' f lowback of the 
well after a stimulation treatment Aggressive f lowback generally entails f bwback of the treatment fluki at a rate of from 
about 0.001 to about 0.1 ban^eis per minute (BPM) per peribration of the treatment fluids which were introduced into the 
subten^anean fbrmation. Such f lowback rates accelerate or force closure of the formatton upon the proppant introduced 
into the formation. The rapU f lowrate can result in large quantities of fines flowing back into the near wellbore as closure 

3S occurs causing permeability loss within the formation. The rapid flowback is highly desirable ior the operator as it 
returns a wellbore to production of hycfa'Ocartx)ns significantly sooner than v;ould result from other techniques. 

Cun-ently, the primary means for addressing the formation particulate or fines problem is to empfoy resln-coated 
proppants or resin consolidatfon of the proppant which is not capable of use in aggressive flowback sHuations. Further, 
the cost of resin-ooated proppant is high, and Is therefore used only as a ^l-in in the \a& five to twenty five percent of 

40 the proppant placement Resin-coated proppant Is not always effective at forming a f ittratbn bed since there Is some 
dlfffoulty in pladng it unifbrmly within the fractures and, addittonally. the resin coating can have a deleterious ^ect on 
fracture conductivity. Resin coated proppant also may interact chemically with common firacturlng f luM aoesOnMng sys- 
tems such m guar or hydroxypropylguar with organo-metallics or borate crossfinkers. This interaction results In altered 
crosslinking and/or break times for the fluids thereby affecting placementi 

45 In unconsolidated formatfons^ it is common to place a f IKratton bed of gravel in the near-welbore area in order to 
present a physical barrier to the transport of unconsolkfated formatfon fines with the productton of hydrocart)ons. Typi- 
cally, sudi so-called "gravel packing operatfons" involve the pumping and placement of a quantity of ^avel and/br sand 
having a mesh size between about 10 and 60 mesh on the U.S. Standard Sieve Series Into the unconsofidated fonna- 
tbn adjacent to the wellbore. Sometimes multiple partide size ranges are emptoyed witNn the gravel pack. It is some- 

so times also desirable to bind the gravel partides together in order to form a porous matrix through which ibrmatfon fluids 
can pass while straining out and retair^r^ the bulk of the unconsolkiated sand and/or f hes transported to the near wel- 
bore area by the formatbn f lukte. The gravel partfoles may constitute a resin-coated gravel whfoh is either pre-cured or 
can be cured by an overf lush of a chembal binding agent once the gravel is in placa It has also been known to add 
varioi^ hardenable binding agents ot hardenable adhesives directly to an overt lush of unconsolkiated gravel in order to 

55 bind the partfoles together. Various other technk^ues also are descrbed in U.S. Patent 5,492.1 78. the entire disdosure 
of whfoh is incorporated herein retorenca 

U. S. Patents 5,330.005, 5,439,055 and 5,501 ,275 disdose a method for overcoming the difficulties of resin coating 
proppants or gravel packs by the incorporatfon of a fibrous material in the fluid with whfoh the particulates are inlro- 
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duced into the subterranean formation. The ffbers generally have a length ranging upwardly from about 2 miSimeteiB 
and a diameter of from about 6 to about 200 microne. Fibrtllated f S>erB of smaller diameter also may be used. The fibers 
are bielieved to act to bridge across oonstrtotions and orifices in the pr 

holds the particulates in place thereby limiting particulate f lcwt>ack. The f I>er6 typically result in a 25 percent or greater 
s loss in permeabil ity of the proppant pack that is created in comparison to a pack without the f ft>ers. 

WNIe this techhkiue may functton to limit some f kawtmck, It tails to secure the particulates to one another in the 
manner achieved by use of resin coated particulates. 

' U.S. Patent 5,551 ,514 disctoses a method for sand control that combines resin consolidatfon and placement of a 
fibrous material in intimate mixtue with the particulates to enhance production wittiout a gravel pack screen. 
10 It would be desirable to provide a method which wil bind greater numbers of fines particles to the proppant material 
in such a manner that it further assists In preventing mcvement or f towback of particulates from a wellbore or formatkm 
without significantly reducing the permeability of the particulate pack during aggressive f lowt>ack of treatment fluids. 

We have now devised a method of treating a subterranean formation containing fines, to inhibit the flow of the fines 
back through the welixire with the production of hydrocartxm, without significant efftets upon the permeabRlty of the 
15 paniculate pack. 

According to present invention, there is provided a method of freating a sutitenanean formation to control fines 
migration, which method comprises the steps of introcfcjcaig a freatment fluid into a sul>terranean formation tfvough a 
welQdore at a rate and pressure sufficient to create at least one fracture in sakJ formation; admixing with at least a por- 
tfon of said fluid, a particulate which is introduced into and sut>sequently deposited witNn said fracture; admixing with 

so at least a portion of said particulate an efftetive amount of a Ikiuid or solution of a tackifying compound whereby at least 
a portion of said particulate is at least partially coated by sakJ compound such that the continuous critical resuspensfon 
velocity of said at least partially coated particulate is increased by in excess of about 30 percent when tested at a level 
of 0.5% active material 1^ weight over said particulate alone with water; depositing the tackifying compound coated par- 
ticulate In the subtenanean formatton; and ffowing back flukJ from the formation whereby the tackifying compound 

26 coated particulate retards movement of at least a portion of any fine particulate flowing back to sakf wellbore within sakJ 
formation Isy adhering said fines to said coated particulate. 

In the method of the Invention, the particulate material coated with tackifying compound adheres to fine particulate 
material thereby creating aggfomerates which bridge against other particles in the formation to prevent partfoulate f fow- 
back and fines migration. The tackifying compound also may be introduced into the subterranean formation prior to or 

30 after introduction of the proppant particulate. 

The coated material is effective in inhiHting the f lowt>ack of fine partfoulate in a porous pack having a size ranging 
from about tfutt of the propparit mater iai to less than about 600 mesh in intinrime ad 
coated particulates. 

The coated material is effective in oonsolkJating fine particulate in the form of agglomerates in a formatton as a 
3s result of a fracturing or gravel packing freatment performed on a subterranean formatton during aggressive f towtsack of 
the freatment flukl 

In accordarKe with present invention, a ikiuid or solution of a tackifying compound is incorporated in an intimate 
mixture with a particulate material such as conventional proppants or gravel packing materials and infroduced into a 
subterranean formation. 

40 As used in the specification, the term Intimate ntixture** will be understood to mean a sut>stantiairy uniform disper- 
sion of the components in the mixture. The term "simultaneous mixture" will t>e understood to mean a mixture of com- 
ponents that are blended together in the initial steps of the subterranean formation freatment process or the preparatton 
for the performance of the freatment process. 

The coated particulate or proppant material may comprise 8ut>stantially any sUk)strate material that does not undo- 

45 sirat)le chemically interact with other components used in freating the subterranean formation. The material may com- 
prise sand, ceramics, glass, sint^^ed bauxite, resin coated sand, resin beads, metal k>eads and the like. The coated 
material also may comprise an addHional material that is admixed with a particulate and Infroduced into a eUbtenranean 
formation to reduce particulate f towback. Inttiis instance ttie additional substrate niaterialniayobnrprise glass, eera^ 
cartxm conposftes^ natural or synthetic polynms or metal and the Bke to 

so ings. platelets and ttie like. In this instance; the additional substrate material generally wil be admixed with tfie particu- 
late in an amount of from about 0. 1 to akxxit 5 percent k>y weight of the particulate. 

The tackifying compound comprises a tiqukJ or a solution of a compound capat^le of forming at least a partial coat- 
ing upon the sulastrate material wittivi^ch it is admixed prior fr^ subterranean forma- 
tion. In some Instances, the tackifying compound may be a solid at ambient surfsce conditions and Mpon initial admixing 

ss witti the particulate and after heating upon entry into tte welbore for introduction into the subterranean formation 
become a melted liquid which at least partially coats a portion of ttie particulata Compounds suitable for use as a tack- 
ifying compound comprise substantially ariyconrpoundwhtoh when In iquto form or in a solvent sohitibn win form a non- 
hardening coating, by ttiemselves. upon ttie particulate and preferably wfll increase the continuous critical resuspenston 
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velocity of the particulate when contacted by a stream of water as hereinafter described in Exanple I by fn excess of 
about 30 percent over the particulate alone when present in a 0.5 percent weight active material concentraticn. Pref- 
erably, the oontinuOL» critical resuspenslon velocity is increased t^ at least 40 percent over particulate alone and most 
preferably at least about 50 percent over particulate alona A particularly prefenred grotjp of taddfying compounds com- 

5 prise potyanrndes which are liquids or in solvent solution at the temperature 61 the subterranean formation to be ti-eated 
such that tiie polyamides are, by themselves, non-hardening whw present on ttie particulates infroduced into the sub- 
tenBnean formation. A particularly preferred product is a condensation reaction product comprised of commercially 
available polyacids and a polyamine. Such commercial products include compounds such as mixtures of C36 dibasic 
acids containing some trimer and higher oligomers and also small amounts of monomer adds which are reacted wHh 

10 polyamines. Other pdy^cids include trimer adds, synthetic acids produced from fatty adds, maleic anhydride and 
acrylic add and the like. Sudi acid compounds are available from companies such as Witco Ckirporation, Uraon Canp. 
Chemtall. and Emery Industries. The reaction products are available from, for example. Champion Technologies. Inc. 
and Wrtoo borporatipn. 

in general, the pdyamides of the present invention are commercially produced in batchwise processing of polyac- 
15 Ids predominately having two or more add functionalities per molecule witti a pdyamine. As is well known in the man- 
ufacturing industry, tiie polyadds and polyfunctionat amines are introduced into a reactor where, witti agitation, ttie 
miWIy exothermic formation of the amide salt occur& After mixing, heat is applied to promote endottiermfc dehydration 
and formation of the polymer melt by polyoondensation. The water of reaction is condensed and removed leaving ttie 
pdyamide. The molecular weight and final properties of tfie polymer are controlled by choice and ratio of feedstock. 
20 heating rate, and judickHJS use of monofunctional adds and amines to terminate chavi propagation. Qenerally an 
excess of polyamine is present to prevent runaway chain propagatkm. Unreacted amines can be removed bydistilla- 
tion, if desired. Often a solvent such as an alcohol, is admixed with the final condensation reaction product to produce 
a lk|uid solution that can readily be handled. The condensation reaction generally is accomplished at a temperature of 
from about 225*F to about 450«F under a nitrogen sweep to remove the condensed water from ttie reaction. The 
2S polyamines can comprise, for example, etiiytenediamine. dietiiylenetriamine. triethylene tetraamine. amino etfiyl plper- 
azine and the like. 

The pdyantides can be converted to quaternary compounds by reaction witfi mettiyf ene chloride, dimettiyl sulfcite. 
k>enzylchloride. diettiyl sulfate and the like. Typically the quaternization reaction would be effected at a terrpeiature of 
from ^fcXHit 1 00 to about 200'*F over a period of from about 4 to 6 hours. 

so The quatemlzation reaction may be empbyed to inprove ttie chemical compatawlity of ttie taddfying compound 
witti ttie ottier chemicals utilized In ttie treatment f iukis. Quaternization of the taddfying conpound can reduce effects 
upon breakefs in the fluids and reduce or minimize ttie buffer effects of ttie compounds when present In various fluWs. 

Additional compounds which may be utilized as taddfying connpounds indude liquids and sdutions of. Ibr exanple. 
pdyesters. polycarbonates and polycart>amates. natural resins such as shellac and the Ilka 

35 The surprising discovery has been made ttiat a taddfying compound can also be produced by ttie reaction of a 
pdyadd such as previously described witti a multivalent ion such as calcium, aluminum, iron or tiie like. Similarly, vari- 
ous pdyorganophosphates. polyphosphonates. polysultates. polycari30xylates. or polysilicates may be reacted witti a 
multivalent ion to yield a taddfying compound. If retardation of ttie rate of reaction is desired, esters of the above com- 
pounds may be utilized which will then react with ttie multivalent ion as the esters hydrdyze at ttie subterranean fomia- 

40 tion temperatures in tiie treatment f lukte. Alternatively, chelates may be tbrmed witti known chelating agents such as 
citric add. fiydroxypropionates and ttie like to retard ttie rate of reaction. Furttier. it has been tound possible to generate 
the taddfying compound in-situ wittiln ttie subten^anean formation by introduction of ttie polyadd to contact multivalent 
ions present in tiie ti-eatment f lukJ within tiie subterranean formation. The multivalent tons may k>e either naturally occur- 
ring in the formation or introduced with tiie treatment flukf. 

45 The taddfying compound is admixed witti the participate in an amount of from about 0.05 to about 3.0 percent 
active nialerial by weight of ttie coated particdate. tt is to be understood tiiatlargo^qu^ however, 
ttie larger (^lantities generally do not signif icantiy increase perfonnance and coiid undesirably reduce the permeability 
of ttie particulate pack. PreferaMy. ttie taddfying compound is acbnixed witti tiie particulate introduced into ttiesuftner- 
ranean fcx-mation inanamourit of from about 0.1 toabout2.0percentby weight of ttie coated particulate. 

so VVhen ttie taddfying cornpound is utilized witti anottierrnaterial ttiat is to 

is to be at least partially coated with ttie taddfying compound, such as glass f ftjers or ttie like, the conpound is present 
in an anx)unt of from about 10 to about 250 percent active material tjywe^ht of ttie glass fi)er8 or ottier added material 
and generally from about 0.05 to about 3 percent active material by weHlht of ttie quantity of 
coated material is intimately admixed. PrefiBrably ttie taddfying compound is present in an amount of from about 1 0 to 

55 about 150 percent Of ttie material Which is to be rt least partially coated Witti ttie tacW^ 

to ttie particulate. At least a portion of ttie tackifying conpound introduced wim ttie additional material will contact and 
coat at least a portion of the particulate witti whk:h it is admixed. 

The Ik^ukf or sdution of taddfying compound interacts mechanically witti ttie pirtides of particulate introduced Mo 
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the sitrterranean tormafion and the adhered fines to limit or prevent the f lowback of f ines to the wellbore. 

The liquid or solution of tacWfyInQ compound generally is Incorporated wHh the particulate in any of the conven- 
tional fracturing or lyavel packing fluids comprised of an aqueous fluW. an aqueous foam, a hydrocartxjn fluid or an 
emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, clay stabilizers or the like. 

Generally the tacWfying compound wa^ be incorporated into fluids having a pH in the range of from about 3 to 
about 12 for introductbn into a subterranean formatfon. The compounds are useful in reducing particulate movement 
within the fbrmatton at tenperatures from about ambiert to in excess of It is to be understood that not every lack- 
ifying compound will be useful over the entire pH or temperature range but every compound is useful over at least some 
portfon of the range and IndivkJuate can readiy determine the useful operating range for vanous products utilizing well 
known tests and withoU undue e)q3erimentatfon. 

It has been discovered that the incorporatfon of or additfon of certain surfactants to the flukl suspension can 
irrptwe or facilitate the coating of the tackifying compound upon the partteuterte. The additton of selected surfactants 
has been found to be benef fcial at both elarated f luW salinity and elevated f lukJ pH as wel as at elevated temperatures. 
The suifaclartB appear to Inprove the wetting of the partteulates by the tackifying compound. Suitable surfactants 
include: nonionics. such as, tong chain carboxyfic estera such as propylene glycol. soitMtol and pdyiwyethylenated 
sorbitol esters, polyoxyethylenated alkylphenols. alkyphenol, elhoxytetes, alkygluoosWes. alkanolamine condensates 
and alkandamkles; anionics, such as, carboxylfe add salts, 5u^>honic acW salts, sulfunc ester salts and phosphorec 
and polyphosphoric aM eetera; cationice. such as. long chain amines and their salts, quaternary ammonium salts, 
polyoxyethylenated tong chain amines and quatemized pdyoKyethytenated tong chain amines; and zwitterton, such as 

n-alkylbetaines. . 

The liquKi or solution of tackifying compound generally is incorporated with the particulate as a simultaneous mix- 
ture by irrtroductton Into the fractiflring or gravel packing fluid atong with the particutete. Fracturing f lukls are introduced 
into the subterranean formation at a rate and pressure sufffcient to create at least one fracture In the formation into 
which parttoulato then is introduced to prop the created fracture open to facilitate hydrocarbon productton. Gravel pack- 
ing treatments generally are performed at lower rates and pressures whereby the flukJ can be introduced into a fornia- 
tion to aeate a controlled particle size pack sunrounding a screen positioned in the wellbore without causing fracturing 
of the formation. Alternatively the gravel pack may be perfonned without a screen, if consdidatable partfculate is uti- 
lized, and the pack may fill tiie wellbore. Thereafter, the pack may be drilled out flushed or reamed to open a p^sage 
In the bore, iff necessary. The particulate pack sun-ouncBng the wellbae ttien functions to prevent fines or formation par- 
ttoulate migration into the wellbore with tiie pnxJuction off hydrocarbons from the subterranean fbrmation. The tackifying 
conpound may be introduced into tiie fluid before, after or simiiHaneousiy with introdudton off the particulate into the 
fluid. When ttie tecWfying compound is generated in-situ in the fbrmation. tiie reactants may be introduced individualy 
as descrfoed above for tiie tecWfying compound and ttie nrwitivalent ion source may be naturally occurring or introduced 
Into the fbrmation. The Ikfuid or solution may be incorporated witti tiie entire quantity of particulate introduced into tiie 
subterranean fomiation or H may be introduced witii only a portion off ttie partidilale. such as in tiie final sfages off ttie 
treatment to pface ttie intimate mixture In tiie fonnation in ttie vicinity off ttie wellbore. For example, ttie teckifying com- 
pound may be added to only ttie final 20 to 30 percent of the particulate laden fluid Introduced into ttie fonnation. In tttis 
instance, ttie intimate mixture wHI fomi a tail-in to ttie treatment whtoh upon interactton wittiin ttie formation witti ttie par- 
ticulate will cai «ffft the particles to bridge on ttie aggtomerates formed ttierein and prevent movement of the particles Into 
ttie wellbore witti any produced f lukJs. The tackifying compound m«y be Introduced into ttie blender or into any f lowline 
in which It will cortact ttie material to be at least partiaBy coated by ttie compound. The compound may be introduced 
witti metering punps or ttie like prior to entry off ttie treatment fluW Into the sutrterranean formation. 

In an alternate eotxxJiment, tiie particulate may be prentixed vvrth ttie tecWfying compound prior to admixing witti 
a treatnientfkBd for use in a 8ut>terranean formation. 

The surprising discovery has been made ttiat when a pdyantide is utilized as the tackifying compound, f^ous 
metal In contact witti ttie treatment f Md has been found to exWbit extended oorrosfon inhibition. It has been determined 
that minute amounte of ttie polyamide are dissolved from tiie coated particutete by hydrocait>on8 f towing ttiro ugh th e 
formation and into ttie wellbore and ttiat such quantities provtoe extended corrosion protection to ttie ferrous metals 
contacted ttiereby and ttiat also are in contact witti aqueous fluids introduced into or produced from ttie siirterranean 
fbrmation. The polyamkto material appears to coat or form a very ttiin f im on ttie f^npus metal surfaces protecting tfiem 
from contact witti aqueous fluids. 

In yet anottier embodiment of the invention wherein a previously performed fracturing treatment or gravel pack is 
producing back proppant or formation fines witti ttie production of hydrocarixm, a remedial particulate control treat- 
ment mv be peribrmed. In ttiis instance, ttie teckifying compound admixed witti a diluent such as for example, aude 
oil, distillates, butyl ateohol, isopropyl ateohol. a heavy aromatic solvent such as xylene, toluene, heavy aromatic napttia 
or ttie like, mutual sofvente such as ettiylene glycol monobutyl ettier. propyfene caitxinate or n-mettiy^pyrofidone or tiie 
like. The tackifying conpound generally will be present in an amount o# from about 0.5 to about 30 percent by volume 
off ttie sdutton to be used to treat ttie subterranean formation. The teckifying compound also may be admixed witti 
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SSS.^^S^Si?'* addijres that do not adversely react with the compound to prevent fnes contool. Th. 
^ST!Sr^?fr5^^"i!" -ntroduced intothesiWerraneanformationpreleiably ata rateandpressuS 

telly coat at least a portwn of the proppant or gravel which previa^ 

The coating of the proppant or gravel causes the larger particles to subsequentiv tend to adhara to om anfM^ 
i^fi!:^'^:^^ r^?*" ''^'^^ fcU^upon the^SSST^i^ tZSTZ 
S?.SS^t?"'^i!if and a« prevented Itam migrating thnxHJh the ^w^T^i 

J^Wtality of addrtwnalfmes release within the tormatto^ »» is desired to redistribute proppam in aaJZSSS 
duoedWotties^^ 

JtSS,*^"?;^^ a resuH of the fracturing operation tend to become bound to and adhera to tt»m!?^ ^ 
the ta««fy*H, compound as it isdeposited within the subtenanean fbrmaST^ 
Reference IS made hereafter to the aaxxnpanying diawfcigs wherein: 

Figure 2 pravidee a graphical illuetration of sanple permeafairity 
Figure 3 provides photomicrographs of untreated and treated sampies ilfc^^ 

To further fllustrate the present invention and not by way of limHation. the following Examples are provided. 
28 EXAMPLEI 

.""^eewaluation of a liquid or solution of a compound fOr use as a tacWfyinoconround 

becoated. Refemng now to Figure 1. a test apparatus is illustrated for perlbrmb^ the test TrSSeSS^SSSi » 
30 V6- glass tee 1 0 Which is connected to an inlet souice 12 of water and aioSle^r4 dfepStf tae teSSS 

pui^ such as a "MOYNO- pump, is connected to inlet 1 2 and a controlled flow of iSL te liStSaTS^SS^SJ 
stream. This detemnnes the baseline fbr the startingof theresuspenslon vetoc«y Theftow^thanfel^^ 
ity. -me test then IS terminaled and the apparatus is ref iled with particulate havina a coatina con«sBondUiateah«, *n* 
*> the concentrations tested are from about 0.1 to dbout 3 oercent howmar 1^^n^r^J!^^Z^ZI^^•^^^^ 

poinm particulate removal and the velocity at wWch removal becomes contirajous 

TTie percent of velocity increase (or decrease) then is determined based ipon the initiai or coniinuauB 

^ ^!kI5!.-^'^ *e Prefe^ed polyamide Of the^eSSTiivJSr^^^ 
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TABLE! 



Test Ma 


Particulate Size 


Coatino Agent, %V/VVl 
Particulate 


Percent Of v^ocity Change 
At 








Starting 


Continuous 


1 


20/40/mesh sand 


none 


0 


0 


2 


20/40 mesh sand 


1/2 percent polyamide 


192 


222 


3 


20/40 mesh sand 


1 percent polyaniide 


271 


391 
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TABLE I (continued) 



Test Na 


PGUlicuiate Size 


Coating Agent. % v/wt 
Particulate 


Percent Of Velocity Change 
At 








Starling 


Continuous 


4 


20/40 mesh sand 


1/2 percent phenolic 


-0.5 


6.5 


5 


20/40 mesh sand 


1 percent phenolic 


-9 


-6.8 


6 


20/40 mesh sand 


1/2 percent epoxy 


-9 


-1.2 


7 


20/40 mesh sand 


1 percent eppxy 


5.2 


12.2 


8 


12/20 mesh sand 


1/2 percent pdyaimte 


228 


173 


9 


12/20 mesh sand 


1 percent polyamide 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


11 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


48 


30 


13 


12/20 mesh sand 


1 percent epoxy 


38 


15 



The data dearly Illustrates the substantial increase in the critical resuspenston velocity of a particulate coated with 
the tacklfying compound in comparison to other known formation consolidation agents which require hardening to be 
effective. 

2S 

EXAMPLE II 

To illustrate the ability of the tackifying compound to control fines, the foUowing tests were performed. 
Two sand slunies were prepared and placed In 1 inch diameter, 36 inch tai glass columns having a screen and a 
30 one hole plug stopper at their lower encte which was sealed off. The slunries comprised 250 mi. of a 25 fo/1000 gallon 
hydrated guar, 300 grams 20/40 mesh Brady sand containing 7.4% by weight of 50 mesh and smafler fines material, 
0.5 ml enzyme breaker and 0.5 ml. borate crosslinkar. One percent by weight of the tackifying compound of the present 
InventkNi was added to the second slurry. 

The slurries were allowed to sit statto Ibr 48 hours. The first column settled to a height of 21.125 inches and the 
35 tackHying compound containing sample settled to a height of 21 .875, inches 

The broken fluids were removed from the columns above the settled sand in the columns and replaced with water. 
The columns were attached to a constant head water supply While maintaining the water supply constant the hole in - 
the bottom stopper was opened, water f fow rates and permeabilities were detemrvned. The sand packs had settled dur- 
ing the water flow to 20.5 inches and 21 .625 inches respectively. 
40 The flow was resumed, using kerosene and flow rates and permeabilities were determined. Pack heights settled to 
20.125 inches and 21.437 Inches, respectively. 

The difference In the permeablDty of the packs in the columns Is illustrated in the chart comprising Figure 2. The 
difference in the final pack height is an indfoation of the agglomeratfon of the fines with the larger parttoles preventing 
dose packing by fines movement as occurs in the untreated column. The fower permeat>ility of the untreated pack also 
4S irxlicates fines migration has occurred. 

The stabtlizatfon properties of the method of the present invention also are determined by flow through an Ameri- 
can Petroleum Institute approved simulated fracture f fow cell. 

The cell contains Ohfo sandstone cores having a proppantt>ed size of about 1.5 inches in height, about 7 Inches 
in length and about 0.25 inches In width bettween the corea The bed is initially prepacked with 20/40 mesh sand by 
so introducing the sand into the cell in an aqueous sluny or a geliedfluki containing 40 pounds of guar per 1000 gaifons 
of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a perforation. The hole is visfoie through a 
sight glass so that proppantproductioa if any. through the hole can be visually determined. 

The conductivity of the pack is determined at a stress loading of 2000 and 3000 psi for the untreated sand. 
The cell then was cleaned and packed with another proppant pack containing 0.5 percent by weight tacktfying oonv 
ss pound for testing. The resuHs of the tested materials are set forth in Table II, befow 
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TABLE II 
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IS 





CX)NDUCTIVrrXmD/ft at 




2000 psi loading 


3000 psi loadng 


untreated sample 
treated sample 


4251 
5130 


3487 
3829 



Rgure 3 presents photomicrographs of a portion of the sand packs from the untreated and treated sanvles after 
removal from the ftow ceU. The difference In the free fines content of the two sanv)les is readily apparent in the photos 
The uitreated sample contains signiricant quantWes of free fines whereas the f kies are Ibund to be primarily attached 
to the larger sand particles in the treated sanple. 7 «< 

EXAMPLE HI 



20 



To Illustrate the effectiveness of the tacWfying compound in controlling fines, the fbltoimng turibidHy tests were per- 
formed. A series of samples were prepared containing a quantity of 1 00 grams of 20/40 Brady free sand admixed %vith 
1 00 ml of tap water. A selected quantity of tackifying compound was admixed with a sanple and the turbklity of the sohi- 
tion wTOdetermned. Theturt*%^^ TiabkSHy Units utilizing a Coleman Junior II Spectropho- 

tometer, Model 6-20. The rasuMs are set fbrth in lUble III. bekm 



2S 


TABLE III 




SAMPLE 


TACKIFYING COM- 
POUND, ml 


TURBIDITY FTU 




1 


0 


43 


30 


2 


0.25 


38 




3 


0.5 


18 




4 


1.0 


12 


3S 








The taste were repeated using 20/40 Brady frac sand to which Is added 0.2 grams off 
fines cxjntent The tuitMHy was measured as preiriously described. The results are set foi 


40 




TABLE IV 






SAMPLE 


TACKIFYING COM- 
POUND, ml 


TURBIDITY, FTU 




1 


0 


337 


4S 


2 


0.25 


137 




3 


0.5 


56 




4 


1.0 


29 



m> 



SB 



P» data dearly iluslrales the abUHy Of the taddfyingconpound to contiolfi^ 
the fines to proppant materials whk* are coated by the taddlyingooiipound. u««naioDina 

EXAMPLEIV 

To ilwtrale tfw effect of the taddfying compound on controlling fines migration m ooal seams two treatments are 

o^^^T ^'^^ " °" " ^ co^*"!! ooai seam produdng ata depth offix>maboiit1850to 

about 2100 ft at a bottomhole temperature of about 110'F. The treatments are perfbmieddown 5 1/2 indi casing The 
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treatments comprised approximately 2000 gallons of 15% acetic acid. 24.000 gallons of a guar containing pad, 60,000 
gallons of a fracturing treatment including approximately 300.000 pounds of 1 2/20 sand and 2000 gallons of flush fluid. 
The fracturing fluid comprised a borate crosslinked fluid containing 20 bs guar per 1 000 gallons of fluid. The fluid also 
contained day control additives, surfactants, gel breakers and bioclde. One treatment included approximate 1 .0 percent 

5 tackifying compound added to the sand during performance of the treatment 

The initial production of the welte was about 180 MCF per day and about 180 BWPD. Pdet frac productkHi after 
cleanup of fracturing treatment f luki on the well without fines control is about 500 MCF and about 400 BWPD. The well 
having the treatmerrt utilizing fines control technk|ues of the present invention after clean mp of fracturing treatment f luki 
is producing about 800 MCF per day and about 600 BWPD. The first well is producing fracturing treatment sand and 

10 coal fines into tiie wellbore along with the production of gas. The well treated with the tackifying compound Is not pro- 
ducing measurable amounts of fines or fracturing treatment sand. 

EXAMPLE V 

18 To illustrate the oorrask)n inhit>i1kin of a film of the tackifying compound comprising polyamides, the fdtowing tests 
were performed on cartx>n steel coupons weighing approximately 1 gram at 160'*F. hi simulated sweet arxl sour well 
conditions. 

Test f lukis are placed in sealed t)ulk containers and purged for a minirmim of six hours with cart>on dioxkte. For sour 
gas tests, H2S then is bubbled into the container for 1 5 to 20 minutes. The proper anrxxint of polyamkte is dispensed by 

20 eyringe Into each test bottie; The test tx^ttles are 7 ounce capacity. The blank samples contain no polyamkie. Each bot- 
tle is purged with cart)on dioxUe to displace air and a previously weighed and cleaned sample coupon is placed In the 
bottle. A quantity of 108 ml of NACE brine and 12 ml of kerosene then are added to the bottles from the purged bulk 
containers. The txattles are capped and placed on a rotating wheel and rotated for 1 hour at leO'^F. ± 10*F. The botties 
then are remcved from the wheel arvJ the coupons are transited to bottles containing brine and kerosene without 

25 InhilsitDr under a caxbon diamde purge to rinse the coupons. The blanks are not transferred since tiie blank sample bot- 
tles contain no inhibitor. The botties are returned to the rotating wheel for an additional hour. The botties then are 
renxved from tiie wheel and the coupons are transfen^ed to botties having the same brine and kerosene mix without 
the poiyanvde. The transfer is eftected under a ccubon dioxkJe purge and the botties are returned to the wheel for an 
additional 72 hours at about 160'*F to determine oorroskm efltets on tfie samples. Samples containing H2S were 

30 retumed to the wheel only for 24 hours.^'After completion of the exposure time, the coupons are retrieved from the bot- 
tles, cleaned, dried and weighed. The corrosion toss then is determined. Each sample is run in triplk^ate and the values 
are averaged to determine the toss for a sample condition. The results of tfie tests are set forth in Table V betow. 



TABLE V 



Sample 


PdlyamkJe Concentra- 
tion, ppm 


H2S Present 


Conroston Rate, Ibs/ft2 


1 


0 


NO 


8.564 


2 


2500 


No 


1.233 


3 


50 


No 


1.103 


4 


0 


Yes 


3.193 


5 


2500 


Yes 


0.183 


8 


50 


Yes 


0.455 



The pdyamtoefilm formed on the ferrous metal surface in contact with the aqueous flud provkled significant cor- 
so rosion protection in comparison to samples having no film as a result of contact with tiie tackifying compound. 

WNle the present invention has been descrhed with regard to ttiat wNch is currently conskiered to comprise the 
preferred embodiments of the inventton, ottier embodiments have been suggested and still other embodiments win 
occur to tfiose indivkiuals skilled in the art upon receiving the foregoing specification. 

55 Claims 

1. A method of treating a s&i^terranean formation to control fines migration, wNch method comprises the steps of 
introducing a treatment f hito into a sukyterranean formation through a wellbore at a rate and pressure sufficient to 
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create at least one fracture in said formation; admixing with at least a portion of said fluid, a particulate which is 
introduced into and 8ut>8equentiy deposited within said fracture; admixing with at least a portion of said particulata 
anefltetiveamoumofaliquidorsolutionofatackifyi^ compound whereby at least a portion of said particulate is 
at least partially coated by said compound such that the continuos critical resuspension velocity of said at least par- 
tially coated particulate is increased t3y in excess of about 30 percent when tested at a level of 0.5% active material 
by weight over said particulate alone with water; depositing the tacWfying compound coated particulate in the sub- 
tenfanean tormation; and flowing back fluid from the formation wheretv the tacWfyIng conpound coated particulate 
retarcte movement of at least a portion of any fine particulate flowing back to said wellbore within said formation by 
adhering said fines to said coated particulate. 

2. A method according to claim l, wherein said tackifying compound is admixed with said parttcuiate in an amount of 
from 0.05 to 3.0 percent by weight of saU particulata 

3. A method according to claim 2, wherein said tackifying compound Is admixed with said partk;ulate in an amount of 
from 0.1 to 2 percent by weight of said particulata 

4. A method according to claim 1 , 2 or 3, wherein said coated particulate has a continuous critical resuspension veloc- 
ity in excess of 50 percerit over saki partkuilate afona 

5. A method aocofdtng to daim 1, 2, 3 or 4, wherein saM tackifying compound comprises a liquid or solution of a 
polyanvde. . - . . . _ . 

6. A mettiod according to claim 1 , 2. 3 or 4. wherein said tackifying compound comprises predominantiy a condensa- 
tion reactfon product of a dimer acM containing some trimer and higher oygomers and some monomer ackte wHh 
apolyamine. 

7. A mettiod according to daim 6. wherein sakJ polyamine comprises at least one member selected from the groip of 
ethylenediamina diethylenetriamine. triethylenetetraamine, tetraethylene pentaamine and aminoettiylpiperazine. 

8. A method according to daim 6 or 7, wherein said tacMfying compound has been quaternized. 

9. A method according to any of claims 1 to 8, wherein saU particulate comprises sand, ceramfe particles, resin 
coated sand, hardened resin beads, sintered bauxite, metal partides or glass partides, or any mixture of two or 
moretfiereof. 



ia A mettiod according to any of claims 1 to 9, wherein ttie treatment fluid includes a further particulate material 
selected from metal, natural or synthetic polynierB, ceramics and g^ 

11. A mettiod according to daim 10, wherein saM furtiier particulate material Is in ttie form of ftoers, beads ribbons 
flakes, platelets or shavinga 
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